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In this paper a novel physical picture of space-time is introduced by means of making a further
distinction on the absolute background of space-time and the relative length or duration of base
units of space-time. The existence of an absolute background for space-time can not only be mostly
compatible with the proven physical logic in Einstein’s theories of relativity, but also retains the
most fundamental and natural philosophy from our intuitional experience. In this picture, usual
dynamical laws from Einstein’s theories of relativity can be understood to just take effect on the
length or duration of base units of space-time, rather than the background of space-time. However,
the existence of the background of space-time is necessary for us to naturally understand the change
of the length or duration of base units of space-time. Just based on the existence of the absolute
background for space, an explicit dynamical equation which satisfies a moderately general principle of
relativity is logically derived under the nonrelativistic framework of classical mechanics. The nature
of the inertial force is firstly revealed as the real forces acting on the reference object. Therefore,
Einstein’s equivalence principle should be abandoned and only the numerical equality between the
inertial mass and gravitational mass can be retained. Consequently, the candidate for the standard
clock should be changed and an adjusted physical picture for how to convert the gravitational force
into a geometric effect on space-time is thereby presented. As for cosmology, it should be emphasized
that the observer at the present time on the earth, instead of the comoving observer, is the only
true observer. The coordinate time ”t” in the cosmological metric is just introduced as the reading
number of the observational clock, whose running rate is duplicated from the clock equipped by
the observer at the present time on the earth. With this new physical picture of space-time, an
extra factor b(t) must be introduced into the cosmological metric to describe the gravitational time
dilation effect since the comoving local intrinsic clock will run in a faster and faster rate with the
expanding of the universe. In this way, we may obtain a positive value of ρ + 3p and avoid the
introduction of dark energy in the current universe.
PACS number(s): 04.20.Cv, 98.80.-k
1 INTRODUCTION
Einstein’s geometric theory of gravity was used in studying the universe shortly after the theory was established in
1915, thus initiated the beginning of modern cosmology. In Einstein’s geometric theory of gravity, the curvature of the
space-time is determined by energy-momentum distributions[1–4]. The predicted gravitational redshift effect is proved
by a series of gravity tests in the solar system[5–7]. This effect has adequately illustrated that geometric description is
more accurate to describe gravity than Newton’s gravity law. In recent decades, cosmology has gradually developed
into a science [8, 9] including observations of supernova, cosmic microwave background, etc. However, as soon as
current standard cosmology was compared with cosmological observation data, it was immediately confronted with
some rigorous challenges such as dark energy[10, 11], dark matter[11]. All of these challenges have shaken the existing
knowledge of physics. Especially dark energy may drastically change the direction of scientific research. Further
considering that the dynamics of the universe can not be repeated in laboratory, therefore it is necessary for us to
make repeated inspection on the foundation of the standard cosmology.
As well known to us, in the space-time physical picture given by the standard general theory of relativity, space-time
can not exist on its own, or can not be isolated from the matter. In other words, a space without any matter can
not exist. In contrast, there is a tit-for-tat classical opinion that the space in principle can be isolated from the mass
and exist on its own. There is an expression quoted from Einstein to account for the fundamental difference between
the classical view of space-time and Einstein’s relativistic view of space-time: in the classical view of space-time, the
space-time itself, as a stage on which all physical phenomena occur, can still exist even if all the matter disappear
from the reality.
Actually, whether the space can exist isolated from matter is a philosophical question. Even by now, all experiments
still fail to directly give a definite answer on this issue. Therefore, a new physical picture of space-time to be
inconsistent on this point with that of general theory of relativity is not doomed to be hopeless. In fact, in this paper
we just want to propose a compromise on this issue. That is to say, the concept of space-time should be further
subdivided into two levels. One is the absolute background of space-time, and the another is the relative length
or duration of base units of space-time. The latter can be regarded as a unit line segment which is cut from the
2absolute space-time background. Logically speaking, to any concrete (with finite size) object, as long as it exists,
there must be a background of the existence. Otherwise, the concepts of production and annihilation will make no
sense, as do the concepts of transformation and evolution. Any production,evolution,transformation and annihilation
of a concrete object which must occur relative to a certain background as the reference. Therefore, in physical concept,
the background of an object is just the premise of the existence of this object and the reference basis only on which
any change of the object can be observed. The base unit of space-time can be regarded as a unit line segment which
is cut from the absolute background for space-time. As an analogy, the background of space-time should be defined
as the premise of the existence of the base units of space-time and the reference basis only on which any change
of the length or duration of base units of space-time can be observed. More specifically, a novel physical picture of
space-time with an absolute background is presented as follows.
Firstly, an absolute background of space-time exists in the universe. Here ”absolute” means that the background of
space always exists homogeneously and infinitely, and the background of time passes homogeneously and immortally.
The background of space-time is independent of any matter’s motion and distribution in the universe. There is no
concept of base units for the background of space-time since the background itself does not contain any specific object.
On the contrary, the base units of space-time can only be defined by local intrinsic events which occur in real objects.
For instance, the background of space-time just like a blank sheet of paper. Originally, there is no coordinates on
it. It is nothing but the observation that requires the introduction of coordinate base units. Usually, we define the
coordinate base units by resorting to the local intrinsic events which occur in specific objects, so the coordinate system
is established.
Secondly, the time dilation and length contraction effects which are caused by a relative velocity between two
reference frames, can be regarded as a kind of observational effect. However, the time dilation and length contraction
effects which are caused by gravity, should be understood as a transformation rule of the base units of space-time. In
principle, the space-time intervals of local intrinsic events is able to change, but the background of space-time as the
basis to reflect this change must be homogeneous forever. As a result, the absolute space-time background implies
that the position of any particle in the background of space is objective. In fact, this point is also the foundation of
physical logic in Einstein’s special theory of relativity. In the derivation of special theory of relativity, the position
of any physical event is assumed to be objective and irrelevant to the change of reference frames[12], though the
coordinates of this position will change with specific observers. Just for this reason, the coordinate transformation
rules in special theory of relativity, namely the time dilation and length contraction effect, should not be interpreted as
the physical effects on the background of space-time. Therefore, the existence of an absolute background of space-time
can be compatible with the special theory of relativity.
Thirdly, the base units of space-time are directly defined by unit intervals of local intrinsic events which occur in
specific objects. In this way, the magnitude of a base unit of space-time is described by the line segment which is cut
from the background of space-time by the two local intrinsic events of defined unit interval. There are long and short
line segments. There are thus large and small base units of space-time. In contrast, the reading number of observers’
clocks and rulers are substantially determined by the number of times of local intrinsic events which occur. Therefore,
the reading number of clocks and rulers itself does not directly contain any information of base units. Only under
the same length of line segments cut from the background of space-time, the difference of length or duration of their
corresponding space-time base units can be determined by making a comparison of their respective reading numbers
of clocks and rulers.
Finally, in the background of time, the simultaneity always exists in fact according to a basic hypothesis that the
background of time passes homogeneously. But an observable simultaneity should be defined manually. For instance,
if an observer want to make clear the simultaneity between different space points by means of the observation of
physical phenomena, he has to resort to the number of times of local intrinsic events which occur on these space
points. In other words, the observable simultaneity should be determined by the coordinate time of space-time points.
Therefore, an observable simultaneity does not always available for us in any cases. But for two events which occur
on the same space point, we must be able to distinguish the time order of the occurrence, so we always can retain
the concept of simultaneity for the same space point. Specifically speaking, on an accompanying spatial point where
the observer stays, the simultaneity can always be defined for all his observed physical phenomena. For instance,
in ancient people have no clock, even don’t know a method to record the time. But it certainly does not affect the
occurrence of many physical events at the same time. Therefore, the simultaneity in the background of time always
exist objectively. But the directly observable simultaneity for observers must be defined by resorting to specific
physical phenomena.
In this paper, we would like to study the formulism of space-time metric for cosmological observation theory. The
paper is organized as follows. In Sec.2, we prove that a moderately general principle of relativity can actually be
realized even under the nonrelativistic framework of classical mechanics. According to the physics indicated by this
3new equation, Einstein’s equivalence principle is given up. Besides, we also point out a question exists in the cosmology:
who is the real observer for cosmological observation, since the observer at the present time on the earth is no longer
equivalent to the comoving observer after Einstein’s equivalence principle is abandoned. In Sec.3, we propose a
modification on the cosmological Friedman-Robertson-Walker metric based on the consideration of gravitational time
dilation effect. Under the new cosmological metric, new dynamical equations for cosmology and some new physical
effects are also discussed. In Sec.4, we summarize the fundamental physical logic as a conclusion.
2 MOTIVATIONS AND REASONS
2.1 Generalization of the Relativity for Particle Dynamics and Existence of an Absolute Background for
Space-time
In the framework of Newtonian mechanics, the fundamental dynamics equation is Newton’s second law. But as
is well known, Newton’s second law is only valid in inertial reference frames. Provided that we apply the equation
form of Newton’s second law in a non-inertial reference frame, we need to introduce a fictitious force—inertial force
additionally. The magnitude of the inertial force is usually determined by the relative acceleration between the non-
inertial reference frame in question and a certain inertial reference frame[13, 14]. Therefore, the Newtonian particle
dynamics is totally based on the concept of inertial reference frame. However, as well-known to us, we are never able
to find a real inertial reference frame in practice. This situation is surely not satisfactory[4].
In principle, Newton’s second law should be a causal law of particle dynamics. Here the forces acting on the particle
under study should be the cause and the resulting acceleration should be the effect. Usually, the traditional theoretical
formula of Newton’s second law is written down as
F|p = mpa|p−O. (1)
In theory, the left hand side of this equation (F|p) must denote the total force from the whole universe acting on the
particle p. Otherwise, when the equation is applied into concrete cases, we will not be able to make it clear what
forces should be included in the counting, and what forces should not be counted. The left hand side (F|p) only
depends on p. Yet the right hand side a|p−O is the acceleration of the particle p with respect to the reference frame
O, equivalently measured relative to the reference object of O. Therefore in fact, the effect (namely the result) a|p−O
depends not only on the particle p, but also on the reference object of O which corresponds to the origin point of the
reference frame. In this sense, the causality of Newton’s second law is not symmetric and consistent in the form. This
is the very point to account for why Newton’s second law is theoretically valid only in inertial reference frames, but
none of them can be found in practice.
Since for Newton’s second law, neither the theory nor the causality is satisfactory, we consider whether it is possible
to reconstruct the physical logic for particle dynamics. In this process, the only one most fundamental principle
which can be resorted to is the principle of causal consistency. It is the one of most fundamental requirements for
physics laws that the causal relationship should be symmetric and consistent. We still suppose that a valid particle
dynamics is certainly to be a theory with causal principle. We regard forces as the cause, and regard accelerations
as the effect(result). How to solve the problem of causal inconsistency for particle dynamics? The key point is how
to describe the corresponding effect according to the causal consistency principle, if the total force from the whole
universe acting on the particle is the cause under the consideration. The total force acting on a single particle should
be objective, namely it will not change with the variation of observers. Therefore, the corresponding effect should
also be objective, and not relevant to any reference frame. In this way, a completely objective acceleration can only
be expressed as the acceleration with respect to the absolute spatial background of the whole universe,
F|p = mp d
2
dt2
⊙
|p. (2)
Here the objective position of the particle p in the absolute background of space is particularly denoted by
⊙ |p.
The conjecture that an absolute background exists for the space of the universe is firstly originated from our
intuitional experiences. Therefore, the absolute background of space (may also be called cosmic spatial background)
can be intuitively understood. For example, we have known that the dimensions of cosmic spatial background should
be of three. As the name implies, the spatial background is just what still exists in a space region after all objects
inside it were moved away. And the cosmic spatial background is just what still exists in the whole universe after
all concrete objects in the universe were moved away. Here ”absolute” means that the background of space always
4exists homogeneously and infinitely, and is independent of the motion and distribution of any matter which exists in
the universe. There is no concept of base units for the background of space-time since the background itself does not
contain specific objects. On the contrary, only the base units of space-time is defined by local intrinsic events which
occur in real objects. In principle, the base units of space will change with the spatial intervals of these local intrinsic
events. For this reason, we must make a physical distinguish between the absolute background and the relative length
or duration of base units of space.
We believe that the motion of all objects in the universe must be performed over this common absolute three-
dimensional space background, because only on this basis the existence of an objective dynamical law is possible.
From the logical point of view, we also suppose that every natural principle describing pure relative law must have
an absolute basis. Here the absoluteness is only proposed for the background of space-time, instead of base units or
general space-time. Because only in this way the absolute background of space-time can be mostly compatible with
the solidest part of modern physics. The very point in Newton’s absolute view of space-time, which has been denied
by the principle of invariant light speed, is only that the measurement of space-time interval is absolute. In contrast,
Einstein’s special and general theories of relativity can be naturally interpreted as the change rules of space-time
base units [1, 12]. All of them are irrelevant to the background of space-time. Moreover, in the logical deduction of
Einstein’s special theory of relativity, it is easy to find that every event is substantially assumed to have an objective
position[12]. This is just the reflection of the existence of absolute background. Only based on the existence of an
absolute background of space, it is possible for us to assume that any particle at any time has its objective position in
the universe. We also conjecture that both the number of types of interactions in the universe and their calculation
rules are objective. In principle, all kinds of interactions can be recognized and understood by people, and their
calculation rules can be ultimately obtained. The reason is that all these interactions must be able to interpret the
motions of all objects in the universe, simultaneously and self-consistently.
Although every particle has its objective position in the absolute background of space, there is still a problem that
the objective position in cosmic spatial background can not be directly measured. What we can really measure is the
difference between any two objective positions, which substantially constructs a mathematical vector,
r|p−O =
⊙
|p −
⊙
|O. (3)
After that, we are able to construct a particle dynamical equation which is really available to any observers. In
fact, every reference frame must be established on a real reference object. Otherwise, there would be no reference
value in measuring any object’s motion in the natural world. Therefore, a physical reference frame must be the real
reference frame. As for the relationship between the reference object and the reference frame, the reference frame
can be naturally established by identifying the reference object as its origin point if we assign a reference object first
in practical cases. Otherwise, in principle any real object which is fixed in the reference frame can be identified as
its reference object if the reference frame is assigned first. All objects in the universe, including objects under study
(p) and reference objects (O), should be of equal status in the most fundamental law of dynamics. Similarly, the
dynamics of any real reference object should also satisfy
F|O = mO d
2
dt2
⊙
|O. (4)
Here the reference object O naturally corresponds to the origin point of a reference frame, so we can establish a
reference frame which is irrotational with respect to the absolute background of space. The introduction of reference
frames is just to make relative measurements on kinematical quantities. As a causal correspondence, the forces should
also be relatively counted in nature.
mOF|p −mpF|O = mpmO d
2
dt2
(
⊙
|p −
⊙
|O) = mpmO d
2r|p−O
dt2
. (5)
Finally, we obtain
F|p
mp
− F|O
mO
= a|p−O. (6)
In this equation, the definition of the force and the acceleration are just the same as that in the traditional theoretical
formula of Newton’s second law (1). F|p and F|O are the total forces from the whole universe respectively acting on
the particle p and the reference object O. mp and mO denote the mass of the particle p and the reference object
O respectively. Since the reference object is definitely fixed in the reference frame, the acceleration (a|p−O) of the
5particle p is measured relative to the reference object, equivalently with respect to the origin point of the reference
frame. Keep in mind, any physical reference frame must be related to a certain real reference object. Therefore, the
equation (6) is just the dynamical equation of the particle p with respect to an arbitrary reference frame O.
In the equation (6), the object under study and the reference object are now placed on an equal status. So the
special status for the reference object in the universe is removed. It reflects that all objects in the universe have the
equal status in dynamics. That is obvious as well, since what object should be selected as the particle under study,
and what particle should be selected as the reference object are essentially assigned by people. In fact, there is no
essential division of them. More importantly, the nature of the inertial force is nothing but the real force acting on
the reference object, and which is supposed to appear in the new dynamical equation (6) according to the principle of
causal consistency. To demonstrate the difference between the equation (6) and the theoretical formula of Newton’s
second law (1), we may rewrite (6) to be,
F|p − mp
mO
F|O = mpa|p−O. (7)
Here the left hand side of this equation can be called as a relative counting of forces. Obviously, the equation (7)
has a net term (−mp
mO
F|O) more than Newton’s second law, while the other terms are identical. The equation (6)
or (7) is just the new dynamical equation which is proposed to replace the current theoretical formula of Newton’s
second law under the framework of classical mechanics, since the new dynamical law (6) or (7) presents a more natural
and concise physical picture based on reinterpreting all empirical laws from classical mechanics experiments. In the
application of (6) or (7), it is easy to find that the inertial reference frame is no longer required and the inertial force
is no longer introduced by hand.
A moderately general principle of relativity is essentially a practical requirement. On one hand, we are never able
to know about the actual state of motion of our terrestrial reference frame where our observers exist. On the other
hand, we are always able to determine the rotation of any reference frame with respect to cosmic spatial background
by resorting to the galaxies far enough away since the cosmic spatial background is objective and motionless. In
principle, the exact rotation of any practical reference frame with respect to the absolute background of space can
be mathematically solved because the reference frame given in practice must interpret the dynamics for all objects
in the universe, simultaneously and self-consistently. Therefore, what the practical observation really requires is that
dynamical laws must keep form invariant to any reference frame which is irrotational with respect to the absolute
background of space. Furthermore, in particle dynamics, the rotation phenomena can always be attributed to the
relative motion between different particles. But for single particle, there is no concept of rotation. In other words,
once any reference object is regarded as a particle, no problem of rotation exists for reference particle. Just as
the problem of variable mass system under the framework of Newtonian mechanics, the variable mass phenomena
should be attributed to the relative motion between different particles in the system of particles, so the fundamental
particle dynamical equation is still F|p = mpa|p−O. But for F|p = d(p|p−O)dt , it actually can be generalized from the
former equation when a system of particles is considered. In this sense, the problem of reference frames’ rotation is
essentially a mathematical problem. Ultimately, the problem of the rotation of reference frames can be separated
from the problem of dynamical relativity.
It can be exactly proved that the new classical dynamical equation (6) must be valid under the framework of
classical mechanics. Under the framework of classical mechanics, any object’s dynamical problem in any reference
frame can be substantially regarded as a two-body problem. Firstly, we assume there really exists an inertial reference
frame which is denoted by Ω. According to the theoretical formula of Newton’s second law, an arbitrary object p
satisfies,
F|p = mpa|p−Ω. (8)
Here, the forces F|p is defined to include all the forces acting on the particle p from the whole universe. Similarly, to
an arbitrary reference object O, which must also obey the same natural law,
F|O = mOa|O−Ω. (9)
Performing a simple algebraic manipulation, we obtain
F|p − mp
mO
F|O = mpa|p−Ω − mp
mO
(mOa|O−Ω) = mp[a|p−Ω − a|O−Ω] = mpa|p−O. (10)
Therefore, under the framework of Newtonian mechanics, the new dynamical equation (7) is recovered.
6In the new dynamical equation (6), the definition of the force and the acceleration are just the same as that in the
traditional theoretical formula of Newton’s second law (1). However, the dynamical relativity is obviously extended
from the Galileo principle of relativity to a moderately general principle of relativity[15]. This achievement must
has been beyond Newtonian classical mechanics and we also have actually found a counterexample of Einstein’s
equivalence principle.
2.2 Einstein’s equivalence principle is given up
Since all large-scale galaxies are in a comoving expansion with the universe, all comoving coordinate points describing
these comoving galaxies can be regarded to be in free falling states. However in Einstein’s general theory of relativity,
the property of the clock in a free falling state is just assumed by Einstein’s equivalence principle[1, 2, 16]. Therefore,
whether the gravitational force and the inertial force are fully equivalent is worth reexamining.
Firstly, it has been demonstrated by an explicit equation (6) that a moderately general principle of relativity can be
realized in a very concise picture, which is obviously different with Einstein’s view[17] on the principle of dynamical
relativity. Moreover, the new dynamical equation (6) also indicates that, the nature of the inertial force is the real
force acting on the reference object. Hence the so-called inertial force can actually be all kinds of interactions such
as the gravitational interaction, electromagnetic interaction and so on. But the concept of inertial force still exists in
Einstein’s special theory of relativity, and even in his general theory of relativity Einstein’s equivalence principle still
claims that the inertial force is physically equivalent to the gravitational force. More importantly, so far as we know,
there is only gravitational force has the time dilation effect. Therefore, Einstein’s equivalence principle is neither
indispensable nor desirable for the realization of a fully general principle of relativity.
Secondly, the clock which is relatively rest in the gravitational field and the clock which is free falling under changing
gravity, they differ only in a non-gravitational force and the resulting acceleration. If there is really no gravitational
time dilation effect for the free falling clock under changing gravity, it must imply that a non-gravitational force and
the resulting acceleration are also able to bring about a time contraction effect for clocks. However, by now there is
no such a sign which has been observed and verified in all past experiments. In principle, whether the redshift effect
can be aroused by the acceleration can be tested in a ground-based laboratory, and there has been some high energy
experiments show that the proper longevity of negative muon is not related to its acceleration[18, 19].
In our discussion we give up Einstein’s equivalence principle and only accept the weak equivalence principle, namely
the gravitational mass equals to the inertial mass. Consequently, the running rate for a clock free falling under gravity
should no longer be assumed to be a constant. Moreover, according to the gravitational time dilation effect verified
in the solar gravity test[5–7], all local clocks will change their running rates depending on their local intensity of
gravitational field. In the light of this physics, here the standard clock is no longer the usual free falling clocks in
a qualified geometric theory of gravity. What is the qualified candidate for the standard clock, which is defined to
make the comparison on the running rate of different local clocks? In this paper we suppose that any clock in the
gravitational field, regardless of whether it is free falling or not, its running rate will change with the local intensity
of gravitational fields. For above reasons, we propose that the clock equipped by the observer himself is the only
qualified candidate for the standard clock. For the advantage in understanding, it is necessary to establish a rigid
and homogeneous coordinate system for the reference frame on the spatial region under study, the coordinate base
units of space-time inside it is defined according to the observer’s own clock and ruler. However the gravitational
effect on the local intrinsic base units of space-time has been verified in many gravity tests, hence such an observer’s
coordinate system for the reference frame can only be mathematical. The space-time interval measured by this set of
coordinate system is mathematically equivalent to be measured by the observer’s own clock and ruler.
2.3 a modified physical picture for gravity being geometrized
We only retain the weak equivalence principle which is already enough to account for why the gravity can be
described by a geometric theory. For example, we may illustrate this reasoning by using the trajectory of satellites
around the earth. To simplify the question, we assume the trajectory is a circle. According to Newtonian mechanics,
we have GMm
r2
= m v
2
r
, so we obtain v2 = GM
r
. The unique parameter (r) for the trajectory does not depend on the
mass of the satellite. That is to say, the dynamical law for satellites in gravitational field has no direct correlation
with the magnitude of gravitational forces acting on these satellites. Therefore, the dynamical law of satellites can
be equivalently described by a kinematical law. This is a concrete example to account for that the physical effect of
gravity can be described by the curve of the geometry of space-time.
7According to gravitational time dilation effect, the running rate of local clocks is related to the intensity of local
gravitational field. But on the logic, the validity of Einstein’s gravitational field equation does not depend on Einstein’s
equivalence principle[16]. Therefore, only based on the weak equivalence principle, we can still adopt the same
lagrangian as Einstein’s general theory of relativity in the following discussion,
I = − c
4
16piG
∫
d4x
√−gR+
∫
d4x
√−gLmatter. (11)
Accordingly, the gravitational field equation remains unchanged.
According to the principle of causal consistency, a rational approach how to convert gravity into the geometry of
space-time should be carried out as follows. First, a suitable reference frame such as sun-centered reference frame
must be selected, which will bring about both the relative measurement of distance and the relative counting of
gravitational forces. Second, a rigid and homogeneous coordinate system should be established. The reference object
is usually assigned as the origin point of coordinate system. At the same time, the base units of space and time in this
coordinate system are defined by the clock and the ruler equipped by the observer himself and duplicated into the
whole coordinate system. Finally, the curved geometry of space-time is thereby determined by making a comparison
between the local intrinsic clock (or ruler) located on every position in the gravitational field and the mathematical
clock duplicated from the observer himself, meanwhile this observer-based coordinate system must be provided as the
background. In mathematics, the geometry of the curved space-time should be quantitatively worked out by solving
the gravitational field equation.
2.4 reinterpretation of gravitational time dilation effect in solar gravity tests
Since a quantitative success has been achieved in the solar gravity test by Einstein’s gravitational field equation[1, 3],
now we reinterpret the gravitational redshift effect[5–7] in the solar system to examine above proposed physical picture
of space-time. First of all, all successes in solar gravity test can be attributed to the correctness of Schwarzschild
metric. Second, we retain Einstein’s gravitation field equation as a valid formula to describe the geometric theory of
gravity and retain the mathematical form of Schwarzschild metric, since the solving process for Schwarzschild metric
is not directly related to the validity of Einstein’s equivalence principle. Third, it must be pointed out that the actual
way we derive the Schwarzschild metric by using Einstein’s gravitational field equation is in line with our proposed
moderately general principle of relativity. More specifically, in the derivation of Schwarzschild metric, the counting
of the gravity is restricted to the gravity exerted by objects inside of the solar system. Coincidently, the reference
origin is fixed at the center of the solar system. Therefore, what the solar gravity test has essentially satisfied is the
causal consistency principle and the moderately general principle of relativity, instead of Einstein’s general principle
of relativity. Finally, the full expression of Schwarzschild metric is written down,
ds2 = −(1− 2GM
r
)dt2 + (1− 2GM
r
)−1dr2 + r2dθ2 + r2sin2θdφ2. (12)
In above equation, the coordinate base units of space-time are defined according to the clock and ruler equipped by
the observer. In other words, the clock and ruler of the observer are duplicated onto the every space-time points in
the whole solar system. After that, the time dilation effect is reflected by the difference of the magnitude between the
reading number((1− 2GM
r
)
1
2 dt) of local intrinsic clocks and the reading number(dt) of the observer’s clock, within the
same line segment(dt) cut from the background of time. Obviously, at the surface of the sun, we have (1− 2GM
r
)
1
2 < 1.
Therefore, under the same duration of line segments in the background of time (dt), the reading number of the local
intrinsic clock at the surface of the sun, will be smaller than that of the local intrinsic clock at infinity. In other words,
the clock located at the surface of the sun runs slower than that at infinity.
The coordinate time t in the form (12) is actually measured by a mathematical clock initially introduced by the
observer before the gravity is geometrized. Here the mathematical clock is defined to run at a rigid and homogeneous
rate. Therefore, the coordinate time t can be regarded to be equivalently measured by a mathematical background
clock. For two events which occur on the same spatial coordinate point, their difference on the time intervals measured
by the local intrinsic clock and the mathematical background clock respectively, embodies the curve of space-time.
In this spirit, the gravitational redshift effect of light signals emitted from the surface of the sun can be calculated
by incorporating the concrete situation of propagations. Since the gravitational field around the sun is in a vacuum
spherical symmetry, the metric of space-time is stationary. In other words, gµν is irrelevant to the time. Now we
assume there are two spatial coordinate points. One is p1(r1). Another is p2(r2). We introduce a light signal that
8propagates from p1 to p2 to investigate the gravitational redshift effect in the solar system. One wavefront is emitted
at the moment of coordinate time t1 and arrives at p2 at the moment of coordinate time t2. Thus the time interval
measured by the observer’s clock (or mathematical background clock) is δt = t2 − t1. Similarly, for the propagation
of the next wavefront whose phase difference is 2pi, also from p1 to p2, the time interval measured by the observer’s
clock is δt′ = t′2 − t′1. Considering that the space-time around the sun is stationary, we have
δt = δt′, (13)
which further indicates
dt2 ≡ t′2 − t2 = t′1 − t1 ≡ dt1. (14)
Above equation means that the light signal will keep the cycle time and frequency invariant, which is measured by
the observer’s clock (or mathematical background clock) in its propagation to any positions in the gravitational field.
As a fundamental assumption, the gravity causes the curve of spacetime but in an infinitesimal neighborhood the
spacetime should be asymptotically flat. Therefore, as far as the infinitesimal interval of spacetime is concerned, we
are always able to write down the local intrinsic time interval dτ for every infinitesimal intervals between arbitrary
two events: (t1, r1) and (t2, r2),
ds2 = −(1− 2GM
r
)dt2 + (1− 2GM
r
)−1dr2 + r2dθ2 + r2sin2θdφ2
∼= −dτ2(r) + +(1− 2GM
r
)−1dr2 + r2dθ2 + r2sin2θdφ2. (15)
For above two wavefronts of the light signals emitted from p1 at the moments of t1 and t2 respectively, it is obvious
to have
dτ1 = (1− 2GM
r1
)
1
2 dt1. (16)
Here τ1 is measured by the local intrinsic clock fixed at the spatial coordinate point p1, and t1 is measured by the
observer’s clock (or mathematical background clock). Similarly, we have
dτ2 = (1− 2GM
r2
)
1
2 dt2. (17)
Therefore,
dτ1
dτ2
=
(1− 2GM
r1
)
1
2 dt1
(1− 2GM
r2
)
1
2 dt2
. (18)
The frequency measured by the local intrinsic clock satisfies
ν2
ν1
=
dτ1
dτ2
=
(1− 2GM
r1
)
1
2 dt1
(1− 2GM
r2
)
1
2 dt2
. (19)
We investigate a practical case: p1 is ar rest with respect to the surface of the sun and p2 is at rest on the earth. Since
above dτ1 and dτ2 are both corresponding to one cycle time(namely 2pi), in consideration of dt2 = dt1, we also have
ν2
ν1
=
dτ1
dτ2
=
(1− 2GM
r1
)
1
2
(1− 2GM
r2
)
1
2
< 1. (20)
Here the frequency of the light signal ν2 is measured by the local intrinsic clock at p2. Combining with a fundamental
hypothesis that the local frequency of light signal emitted at the surface of the sun is equal to that emitted on the
earth measured by the local clock on the earth, then we can draw a conclusion that the frequency of the light signal
emitted from the sun is decreased when it is observed on the earth, compared with the light signal emitted by the
same type of atom on the earth. Ultimately, we demonstrate that the gravitational redshift effect in the solar gravity
test can also be self-consistently interpreted by the adjusted physical picture of space-time.
92.5 who is the true observer for cosmology
Unlike what we are studying in cosmology is the whole evolution history of the universe, the true cosmological
observer is only the observer at the present time on the earth, rather than a comoving observer. The realization of
a more realistic principle of relativity in section 2.1 has shown that the counting of forces must be in an one-to-one
correspondence with the selection of the reference frame. Therefore, any arbitrary choice of the reference frame
would not affect the validity of dynamical equations, but every term in the dynamical equation is closely related to
what reference object chosen. Therefore, for the sake of correctly applying Einstein’s gravitational field equation into
cosmology, it is very important to make clear the dynamical state of the observer of cosmology.
Firstly, all observations for cosmology and all determinations on the redshift values are processed by the observer
at the present time, instead of a comoving observer which evolves with the expanding of the universe. Therefore, in
cosmology there is a really important feature should be emphasized that all observations are actually implemented
at ”the present time”. Not only the observer is at the present time, But also the determination of redshift values is
implemented at the present time.
Secondly, considering that the intensity of gravitational field in the universe is changing from strong to weak
continuously, the intrinsic clock located on a comoving galaxy should run faster and faster with the expanding of the
universe, compared with the same kind of intrinsic clock equipped by the observer at the present time on the earth.
Therefore, in constructing a rigid and homogeneous reference coordinate system for cosmology, the coordinate clock
(ruler) should be in strict accordance with the clock (ruler) equipped by the observer at the present time on the earth.
3 NEW COSMOLOGICAL METRIC AND DYNAMICAL EQUATIONS
There are two points of physical consideration should be fully incorporated in the construction of cosmological
metric. Firstly, it has been demonstrated by an explicit equation that a moderately general principle of relativity can
be realized in a very concise picture, so Einstein’s equivalence principle is no longer indispensable for the geometric
theory of gravity. We only retain the numerical equality between the inertial mass and gravitational mass since it has
a solid foundation from experiments. But the assumption that all free falling clocks under gravity run in a uniform
rate is given up. We suggest that the running rate of any local intrinsic clock located in a gravitational field depends
on the intensity of gravitational field. Even for the local intrinsic clock in a locally free falling state, its running rate
should also be subject to the intensity of gravitational field. That will not be in conflict with our experience. Because
we can imagine that if the running rates of all clocks inside a local region slow down at a same rate, the dynamical law
inside this region must remain unchanged. In this spirit, the candidate for the standard clock should also be changed.
According to the gravitational time dilation effect and the causal consistency principle, the running rate of the clock
equipped by the observer himself must be set as the base unit of reference in cosmological metric. In mathematics,
the clock equipped by the observer himself can be imaginatively duplicated onto all space-time points. Therefore,
the coordinate clock which is mathematically duplicated from the observer is just the qualified standard clock. Then
the geometrical effect resulted by the gravitational field is described by the difference between above mathematically
defined coordinate clock and local intrinsic clocks. Secondly, we know the matter density in the universe has changed a
lot from the beginning of the unverse, so the intensity of gravitational field has also changed appreciably. There exists
an evolution of the running rate for every local intrinsic clock fixed on the comoving galaxies of the universe. Therefore,
with respect to the long evolution history of the universe studied in cosmology, the construction of cosmological metric
must exactly distinguish the clock equipped by the observer at the present time on the earth from the comoving local
intrinsic clock.
3.1 the coordinate system of reference frame for cosmological metric
As for spatial coordinates of cosmological metric, there is a Hubble’s principle which predicts a predominate spatial
coordinate system named as spatial comoving coordinate system[8, 9]. Although the comoving galaxies are selected as
the spatial coordinate points in cosmological metric, but the cosmological observer is still the observer at the present
time on the earth. In principle the observer can duplicate his intrinsic ruler as the standard base unit to every spatial
point and build up a rigid and homogeneous spatial coordinator system. We give the ruler equipped by the observer
at the present time on the earth the name of ”the cosmological observation ruler”. The spatial interval of comoving
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coordinate points is thereby measured by this cosmological observation ruler,
dl2 = a2(t)[
dr2
1− kr2 + r
2dθ2 + r2sin2θdφ2]. (21)
In other words, the distance between cosmological comoving coordinate points is substantially measured by the present
observer’s ruler on the earth. Here k is the curvature of three-dimensional space, which can be retained in a general
cosmological metric if the absolute background of space is synchronously extended into higher dimensions.
As for the coordinate time, we must also define it from the observer point of view. We all know that the study of
the cosmology is mainly based on the observation of light signals emitted from the earlier universe. That is to say,
the redshift of light signals is a particularly important quantity to study the evolution of the universe. The redshift
is determined by comparing a received light signal with the same type of light signals on the earth at the present
time. Therefore, the coordinate time should be defined by resorting to the clock of the observer at the present time
on the earth. We take the present observer’s clock rate as the standard one, duplicate this clock rate onto every
time-point and build up a rigid and homogeneous coordinate time system. We give this time system the name of ”the
cosmological observation clock”. We use t to denote the reading number of the cosmological observation clock. On
the one hand, we know the matter density in the universe has changed a lot from the beginning of the unverse, so the
intensity of gravitational field has also changed appreciably. On the other hand, based on above discussion, a local
intrinsic clock in the earlier universe, regardless of whether it is free falling or not, is supposed to run in a different
rate with respect to the clock under null gravity. To be distinguished from the cosmological observation clock, the
reading number of the local intrinsic clock which is fixed on the comoving galaxy in the earlier universe is denoted by
τ . So the time dilation effect is expressed by
dτ = b(t)dt. (22)
It must be noticed that we usually set b(t0) = 1, which means that the coordinate time t is equivalently measured by
the local intrinsic clock of the present observer on the earth. In other words, the interval of coordinate time is also a
special kind of local intrinsic time intervals but all of them are measured by the clock of the observer at the present
time. Here the non-constant factor b(t) can not be trivially absorbed, since the observational time only corresponds
to the coordinate time t, instead of the comoving local intrinsic time τ .
According to above definitions of the time and spatial coordinates, a general cosmological metric can be written as,
ds2 = −b2(t)dt2 + a2(t)[ dr
2
1− kr2 + r
2dθ2 + r2sin2θdφ2]. (23)
In fact, above form is also the most general expression for cosmological metric under the condition of the cosmological
principle. We propose the metric (23) to replace the well known Friedman-Robertson-Walker (FRW ) metric [1, 8, 9]
in processing observation data. The reason is what we reiterated in this paper that cosmological observations are
always implemented by the observer at the present time on the earth, instead of any other observers including the
comoving observer in the earlier universe.
3.2 the dynamical equation of cosmology
According to the new cosmological metric (23), The non-zero components of Ricci tensor can be easily derived:
R00 = −3 a¨
a
+ 3
a˙b˙
ab
, (24)
Rij =
1
b2
(2
a˙2
a2
+
a¨
a
− a˙b˙
ab
)gij +
2k
a2
gij . (25)
A consistent energy-momentum tensor is given by the following formula due to the cosmological principle[17],
Tµν = ρUµUν + p(ηµν + UµUν). (26)
Substituting the equations (24-25) into Einstein’s gravitational field equation, the fundamental equations of cosmology
are derived out:
a˙2
a2b2
+
k
a2
=
8piG
3
ρ (27)
1
b2
(
a¨
a
− a˙b˙
ab
) = −4piG
3
(ρ+ 3p). (28)
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where k is the curvature of space. In essence, k is not a dynamical variable but a certain value maybe decided by the
primary conditions. The cosmic energy density ρ(t) and pressure p(t) can be treated in principle as the functions of
two geometrical variables a(t) and b(t). Since the expansion of the universe soon becomes slow enough, in a tentative
investigation we might suppose b(t) =
√
1− k′
a(t) in analogous to the counterpart b(r) =
√
1− 2GM
rc2
in Schwarzschild
metric. Here k′ is also an undetermined constant.
3.3 physical predicts under the new cosmological metric
Without explicitly solving equations (27-28), we are still able to understand the kinematic effects of the expansion
[9] from the metric (23). We have a redshift value from geometrical analysis (analogous to the analysis in [9]),
1 + z′ =
a(t0)
a(t1)
. (29)
This is just the same result in the standard cosmology. However, above redshift effect should be only attributed
to the kinematical effect, which can be further attributed to the Doppler effect from the expansion, rather than a
gravitational redshift effect. Of course, a complete observational redshift effect in cosmology should further incorporate
the gravitational time dilation effect, which should be included into the calculation just when the light signals being
emitted and received. Analogous to the gravitational time dilation effect in the solar gravity test, we have
1 + z′′ =
b(t0)
b(t1)
. (30)
Then the total effect of redshift is obtained,
1 + z = (1 + z′)(1 + z′′) =
b(t0)
b(t1)
a(t0)
a(t1)
. (31)
Since b(t0)/b(t1) is greater than 1 and decrease with the increase of the time t1 when the universe is expanding,
the fitted value of phenomenological coordinate acceleration (d2a/dt2) may be changed according to the current
observation data[9, 10].
Furthermore, we discuss the mathematical expression for the acceleration of the universe. As we know, acceleration
is not a Lorentz-invariant quantity under the transformation of inertial reference frames. Of course, it will also change
explicitly in different coordinate reference frames. Once the cosmological metric (23) is adopted, since t is the only
directly measurable time for the observer at the present time on the earth, the definition of the phenomenological
acceleration should be revised to be d
2a
dt2
, instead of d
2a
dτ2
. More accurately, d
2a
dτ2
should be called as the local intrinsic
acceleration. The relationship between these two definitions of acceleration is given by
d2a
dτ2
=
1
b2(t)
d2a(t)
dt2
− 1
b3(t)
da(t)
dt
db(t)
dt
=
a
b2
(
a¨
a
− a˙b˙
ab
). (32)
In considering that all comparisons of the frequency of light signals are implemented at the present time, then all
the redshifts are intrinsically measured by the clock of the present observer on the earth. That is to say, all redshifts
are essentially evaluated by the coordinate time t, which has been defined to run at the same rate with the clock
of the present observer on the earth. Hence the value of the phenomenological acceleration of expanding, which can
be directly calculated from current observational data, corresponds to d
2a
dt2
. It has been shown by the equation (32)
that the sign of this formula (d
2a
dt2
) may be different with that of d
2a
dτ2
. To illustrate this point, we may investigate
the evolution property of b(t) in analogy to the gravitational time dilation effect in Schwarzschild metric. There the
time dilation factor
√
1− 2GM
rc2
increase with the distance r. So we expect that the factor b(t) may increase with
the decrease of the gravitational field intensity. With the expanding of the universe, the gravitational field intensity
decreases, then b(t) will increase with time. It indicates db(t)
dt
> 0. Besides, we have da(t)
dt
> 0 for an expanding
universe. Hence it is possible to have a negative d
2a
dτ2
according to the equation (32) even d
2a
dt2
> 0 holds. It further
means a possibility that ρ+ 3p > 0 according to the equation (28). Therefore, we must keep in mind that there are
two different concepts of the acceleration when we are talking about the accelerated expansion of the universe. The
acceleration directly indicated from the practical observation data is d
2a
dt2
, rather than d
2a
dτ2
.
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4 CONCLUSION
In this paper we present a natural approach to realize a moderately general principle of relativity. In the light of
such a realization, we propose a subtle modification on the fundamental physical picture of space-time, especially the
geometric theory of gravity.
Firstly, the observer should be chosen. According to the observer, a spatial region from which the gravitational
forces should be taken into consideration is determined. And the intrinsic clock and the intrinsic ruler equipped by the
observer himself should be duplicated all over the selected spatial region. Thus a rigid and homogeneous coordinate
system is established.
Secondly, the new particle dynamics equation (6) is more in line with the requirement of causal consistency.
According to this new dynamical equation and its causal relationship, the nature of so-called inertial force is nothing
but the real force acting on reference objects, which must be deducted in a relative counting of forces at the left
hand side of dynamical equation. This interpretation is in conflict with Einstein’s equivalence principle. Therefore,
in this paper we give up Einstein’s equivalence principle. As a result, a free falling clock in gravitational field is no
longer assumed to be equivalent to a clock at rest under null gravity. In other words, the local free falling clock in
gravitational field is not qualified any more to be the standard clock, and its running rate is supposed to change with
the local intensity according to gravitational time dilation effect. The standard clock is naturally changed to be the
coordinate clock, which is mathematically duplicated from the observer’s clock and distributed all over the spatial
region.
Finally, we investigate the foundation of cosmology and introduce a new cosmological metric, in which the coordinate
time t is defined referring to the reading number of the observer’s clock. In other words, the running rate of the
coordinate time is duplicated from the clock of the observer at the present time on the earth. Hence ”t” is running
exactly homogeneous and really measurable to the true observer of cosmology. Here we must distinguish the clock
equipped by the observer at the present time on the earth and the local intrinsic clock fixed at the comoving galaxies
of the universe since their running rates are different. In fact, the present observer on the earth is the only qualified
reference observer to determine all redshift values for all light signals that were emitted from the earlier universe.
Furthermore, we know that the matter density in the universe has changed a lot from the beginning of the universe, so
the intensity of gravitational field has also changed appreciably. Therefore the local intrinsic clock at the present time
must run at a different rate comparing with that in the earlier universe because of the existence of gravitational time
dilation effect. Consequently, there are two different concepts of acceleration introduced to describe the expansion
of the universe. One is phenomenological acceleration d2a/dt2, the other is local intrinsic acceleration d2a/dτ2. It
is meaningful for us to distinguish these two accelerations. Because even a positive phenomenological acceleration
is directly evaluated from current observation data, it is still possible to have a negative local intrinsic acceleration
according to gravitational time dilation effect. Then ρ + 3p will turn out to be a positive value according to the
equation (28). In this way, the dark energy is possible to be ultimately removed from the current epoch of the
universe.
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